We summarize and extend our work on flux vacua attractors in generalized compactifications. After reviewing the attractor equations for the heterotic string on SU(3) structure manifolds, we study attractors for N = 1 vacua in type IIA/B on SU(3) × SU(3) structure spaces. In the case of vanishing RR flux, we find attractor equations that encode Minkowski vacua only (and which correct a previous normalization error). In addition to our previous considerations, here we also discuss the case of nonzero RR flux and the possibility of attractors for AdS vacua.
Introduction
Background fluxes are a necessary ingredient in order to achieve moduli stabilization in string compactifications [1, 2] . Naturally, those fluxes backreact on the geometry and thus lead to more involved internal manifolds than the familiar CY 3-folds. It has been known for awhile that supersymmetry requires the internal space of a generic heterotic flux compactification to be a manifold with SU(3) structure [3] 1 . Recently, it was found that for type IIA/B the analogous requirement is for the internal space to have SU(3) × SU (3) structure [5] . In fact, the low energy effective theory of such type II compactifications has N = 2 supersymmetry. However, the N = 1 vacua obtained in this context encompass the most general IIA/B flux vacua with N = 1 supersymmetry [6] , in the realm of geometric compactifications.
Manifolds with SU(3) × SU(3) structure are, in principle, much less understood than CY(3)s. The most suitable framework for their study is generalized complex geometry [7, 8] . The latter deals with objects defined on the tangent plus cotangent bundle of a manifold, T ⊕ T * , instead of just on T . This, in particular, allows a unified description of complex and symplectic geometry. In this framework a generalized almost complex structure I is a map from T ⊕ T * to itself, which squares to −1. The integrability condition is that the +i eigen-bundle of I be closed under the Courant bracket. 2 Each such I corresponds to a pure SO(6, 6) spinor Φ (here we assume that dimT = 6, as is the case in string compactifications). Spaces with SU(3) × SU(3) structure are characterized by a pair of pure spinors Φ + and Φ − , which can be viewed respectively as even and odd elements of Λ • T * . In other words, Φ + and Φ − are sums of, respectively, even and odd forms of different degrees. They are the generalizations of the familiar Kähler form J and holomorphic 3-form Ω that together define a CY(3). The geometric moduli of a string compactification on an SU(3) × SU(3) structure manifold arise from the deformation spaces of Φ ± . These deformation spaces have been shown to have special Kähler geometry [7, 5, 9] . Hence, it seems natural to expect that the N = 1 flux vacua of such generalized compactifications can be encoded in attractor equations similar to the black hole (BH) attractors in supersymmetric field theories, as argued in [10] for a particular class of type IIB compactifications. In fact, things are not that straightforward at all as the appropriate N = 1 coordinates are such that one of the two moduli spaces is only Kähler, 1 See [4] for the reformulation of Strominger's result in modern SU (3) structure language. 2 Note that this is a natural generalization of the integrability condition of an ordinary almost complex structure, which is the closedness of its +i eigen-bundle under the Lie bracket.
but not special Kähler. 3 In [11] , we investigated attractors in such generalized IIA/B compactifications.
The attractor mechanism was first discovered in the studies of black holes in N = 2, d = 4 supergravity coupled to vector multiplets [12] . 
Heterotic on SU (3) Structure
Before turning to the more involved type II on SU(3) ×SU(3) structure case, it is instructive and useful to consider first the heterotic string on SU(3) structure manifolds. The latter are a special case of SU(3) ×SU(3) structure and are characterized by the existence of a two form J and a 3-form Ω, as is a CY(3). However, unlike the SU(3) holonomy case, now generically dJ = 0 and dΩ = 0. For more on SU(3) structure manifolds, see [4] .
To introduce the geometric and B-field moduli of such a compactification, one expands:
where J c = B + iJ and {ω A ,ω B } is a basis for the even forms (i.e. 0-, 2-, 4-and 6-forms), whereas {α I , β J } is a basis for the 3-forms. 4 Also, in (2.1) t α denote the Kähler moduli and z i -the complex structure ones. Note that the basis forms satisfy the relations
where , is the Mukhai pairing defined by ϕ,
forms and by ϕ, ψ = ϕ 0 ∧ ψ 6 − ϕ 2 ∧ ψ 4 + ϕ 4 ∧ ψ 2 − ϕ 6 ∧ ψ 0 for even forms with ϕ p being the p-form component of the mixed-degree form ϕ and similarly for ψ.
For our purposes, it is very important that both the Kähler and complex structure moduli spaces are special Kähler manifolds. The relevant Kähler potentials are [5] :
It is also important that now the basis forms are not closed, unlike in the CY case. Instead, we have [5] : 
where m I 0 , e J 0 arise from the expansion of H in the (α I , β J ) basis and X 0 (t) = 1 ,
to the BH case) acquires the form:
In terms of this function and the double-symplectic sectionV = e (K Ω +K J )/2 (Ω ⊗ e −Jc ), one can write the following attractor equations for the heterotic string: 3 Type II on SU (3) × SU (3) structure
Let us now consider type IIA/B strings compactified on spaces with SU(3) × SU (3) structure. As already mentioned above, the internal geometry in this case is characterized by a pair of pure spinors Φ + , Φ − that generalizes the pair J, Ω of the previous section.
The special case of SU(3) structure is recovered by taking a diagonal SU(3) subgroup; in this case Φ − reduces to Ω and Φ + reduces to e −Jc . In general, however, Φ − is a sum of 1-, 3-and 5-forms just like Φ + is a sum of 0-, 2-, 4-and 6-forms.
Similarly to (2.1), we have the expansions:
where, as in the previous section, the basis forms satisfy relations (2.2), but with appropriately extended range for the I indices in order to encompass the basis for 1-, 3-and 5-forms. The Φ ± moduli spaces are special Kähler with Kähler potentials [5] :
The analogue of (2.4) is now given by [5] :
where "∼" means equality up to terms that vanish under the symplectic pairing (2.2) and D is an extension of the exterior differential that is due to nonzero NS flux and/or 5 This is slightly different from a previous proposal in [13] . Generically, type II on SU(3) × SU(3) structure gives an N = 2 effective theory.
One can obtain an N = 1 truncation by considering orientifolds of these generalized compactifications [15] . The N = 1 truncation can also be due to a spontaneous partial susy breaking [9] . Regardless of the mechanism, one can derive a compact Gukov-VafaWitten type formula for the superpotential of the effective 4d N = 1 theory. Let us for concreteness focus on type IIA from now on. (We will comment on type IIB at the end.)
Then [9] :
where c is a constant, ϕ is the 4d dilaton, G f l is a sum of all internal RR fluxes (rescaled by a factor of √ 2 compared to [9, 11] for convenience) and the object Π − is
with A odd RR being the sum of all internal RR potentials (again, rescaled by a factor of √ 2 compared to [9, 11] ) and C = const × e −φ with φ being the 10d dilaton. Clearly, the proper N = 1 variables arise from the expansions of Φ + and Π − , instead of Φ + and Φ − .
This makes things significantly more complicated as the space of deformations of Π − is not special Kähler. Nevertheless, it is Kähler with a Kähler potential given by [16, 15] :
The last expression is a rather involved function of the N = 1 Kähler coordinates {X I ,Ĝ J }, that are defined via the expansion Π − =X I α I −Ĝ I β I . Actually, at first sight it may not at all be obvious that (3.6) depends on the correct variables. To see that it does, note that only half of Re(CΦ − ) and Im(CΦ − ) should be viewed as independent because of the way the Hodge star acts on Φ − . In particular, we can view Re(CΦ − ) as functions of Im(CΦ − ). To make this more clear, let us take the simplest example of Φ − , which is the holomorphic 3-form Ω of a CY(3) manifold. Now, due to * Ω = −iΩ, one 6 Non-geometric backgrounds differ from the geometric ones in that their transition functions contain string dualities, like T-duality. Note that non-geometric backgrounds are, in fact, necessary in order to have all charge components in (3.3) non-vanishing. 7 Note that this corrects an error in [11] , where in the vein of [13] it was stated thatK − =
has that * ReΩ = ImΩ and * ImΩ = −ReΩ . Hence, in particular, we can view ReΩ as determined by ImΩ via ReΩ = f (ImΩ) = − * ImΩ. For more details on the general argument for a pure spinor, see [7, 9] . Therefore,K − in (3.6) should be viewed as a function of the variables in the expansion of ImCΦ − , which is also ImΠ − . That there is no dependence on ReΠ − , which comes from the RR potentials, is in complete analogy with the fact that K J = − ln i e −Jc , e −Jc = − ln 4 3 J ∧ J ∧ J does not depend on the NS B-field moduli. This, clearly, means that the moduli space directions originating from the ReΠ − expansion correspond to shift symmetries of the metric determined byK − [15, 16] . Now, let us first consider the case of vanishing RR flux. Then, introducingL
we can write (3.4) as:
In terms of this "central charge" and the appropriate analogue,
of the heterotic double-symplectic sectionV, the attractor equations for the present case
A , the indexî runs over the set of independent variables {X I ,Ĝ I } and N is the normalization of U. Note that, unlike for the BH and heterotic attractors, this normalization is not a constant. More precisely, we have:
which generically is a function of all of the variables {X I ,X I ,Ĝ I ,Ḡ I }; in the last equality in (3.9), we have used (3.6). we substitute the expressions for the charges from (3.8) into DX I Z, computed from (3.7), we find:
10) 8 We should note that in [11] the function N was equal to −eK −/2 because of the error in the form of K − , which we mentioned in footnote 7. and focus on the contribution this leads to:
Since we are in the type IIA case, the RR flux is a sum of even forms only and therefore it can be expanded as 
It is then straightforward to show that the attractor equations
The last expression, upon substituting the RR charges from (3.13), can be easily seen to vanish due to the special Kähler geometry of the Φ + moduli space.
(More precisely, due toL
RR is nonzero unless Z RR = 0, similarly to the case of vanishing RR flux. So, denoting Z tot = Z g + Z RR with Z g being the same as Z in (3.7) (i.e., the geometric and NS flux contribution), we have that the susy condition D α Z tot = 0 is implied by the attractor equations (3.8) and (3.13). On the other hand, the susy condition DX I Z tot = 0 is more involved. Namely, adding the contributions from Z g and Z RR , we find: 
